Sex steroid hormones such as testosterone and oestradiol induce immunomodulation of the lymphoid system in vivo and in vitro, (Clemens et al., 1979; Fuja Kotane, 1975; Kevorkov & Shvetsov, 1979) and cytosolic binding has been demonstrated in normal and pathological human lymphocytes, (Danel et al., 1981) . How the hormones enter the cells is controversial: a "passive" diffusion as described by Peck et al. (1973) or a "facilitated" diffusion as postulated by Milgrom et al. (1973) .
Specific binding sites for steroid have been demonstrated on the plasma membrane of target cells (Nenci et al., 1980; Pietras & Szego, 1977 and steroid binding on their membrane "receptors" induced cellular functions such as cAMP uptake (Chew et al., 1974) .
In the present study, human peripheral lymphocytes were characterized with regard to oestradiol membrane binding sites. In order to eliminate diffusion through the membrane and to study external binding, steroid was covalently bound to bovine serum albumin (BSA) to constitute a macromolecular complex which could not diffuse into the cells and this complex was fluoresceinated.
Human peripheral blood from 30 healthy adult donors and from 23 adult patients with chronic or acute leukaemia from the Haematological Department of the Institut J. Paoli-I. Calmettes (Marseille) was collected in heparin. Peripheral blood mononuclear cells (PBMC) were isolated by FicollHypaque density gradient centrifugation, (Boyum, 1968) . From healthy donors, lymphocyte subpopulations were isolated by first removing phagocytic cells with carbonyl iron and second by a Ficoll-Hypaque gradient on rosetted (R) lymphocytes with sheep red blood cells (SRBC) (Fournier & Bach, 1976) . The two isolated cells subpopulations R + cells (T lymphocytes) and Rcells (mostly B lymphocytes) were characterized by SRBC rosettes, surface membrane immunoglobulin (SIg) (Papamichail et al., 1971) R-cells were also tested after incubation with ammonium chloride to eliminate its role in oestradiol membrane binding.
In patient donors with acute leukaemia, poorly differentiated lymphoma or chronic lymphocytic leukaemia, the cells were isolated from peripheral blood before chemotherapy and characterized by the following tests: R and EAC rosette formation, (Bianco et al., 1970) , identification of rosetting cells by spinning and staining with May Grumwald Giemsa, cytotoxic assay with an anti-T lymphocyte rabbit antiserum (Touraine et al., 1974) and determination of SIg.
For oestrogen binding assays we used oestradiol covalently linked to BSA (steraloids). Each BSA molecule carried on the average 22-25 oestradiol molecules. 1, 3, 5 (10) Estratrien 3,17f# diol 6 one 6 CMO-BSA was fluoresceinated, (E2-BSA-FITC) (Walter et al., 1978) .
Cells (106) Carbonyl iron-treated peripheral blood mononuclear cells (PBMC) from 30 normal male and female subjects were incubated for 30min at 4°C or 37°C with E2-BSA-FITC at a concentration of 4 x 10-5M: the average percentage of fluorescent cells was 5.2% (range 0-16%). Fluorescence was bright and distributed over the cell surface. The same test performed on the isolated R+ and Rlymphocyte sub-populations gave significantly different results. In 25 different R-cell populations, the average percentage was 20% (range 8-32), 18% (2-20) in males and 22% (9-32) in females. In contrast, no binding occurred in R+ cell populations. The controls performed with BSA-FITC alone were always negative. In the presence of DHT, similar results were obtained thereby ruling out the binding of E2-BSA-FITC to plasma protein absorbed on the cell membrane. In order to identify the E2-BSA-FITC fluorescent cell subpopulation, the same cells were incubated with E2-BSA-FITC and rhodamine goat antibody (Fab'2) to human Ig. (Biolyon). The incubation was performed at 4°C for 30min to avoid capping of Ig. Interestingly, the cells which were fluorescent for FITC also fluoresced for rhodamine showing that E2-BSA-FITC binding cells were B cells, but when cells were first incubated at 37°C for 180min with rhodamine Fab'2 antibodies to human Ig and secondly with E2-BSA-FITC, we observed rhodamine capping and diffusely distributed fluorescein on the same cells (Figure 1) Figure 2 where the percentage of fluorescent cells was enhanced from 6% at 0.1 x 10-5M to 20% at Figure 1 Rhodamine-FITC membrane staining on the same cell. Photo-micrography of human lymphocytes showing rhodamine fluorescence in a cap and diffuse plasma membrane FITC fluorescence. This double staining was obtained by a double incubation as follows. First R-lymphocytes were incubated with rhodamine-conjugated fragments (Fab'2) antibodies to human Ig for 180min at 37°C to obtain a rhodamine cap and second, with E2-BSA-FITC 10-5M for 30min at 37°C. After two washes viability was checked by trypan blue exclusion and exceeded 90%. The cells were examined with an Orthoplan Leitz microscope using Block 12 (Leitz) for FITC and Block N2 for rhodamine. The photography was obtained by a superimpression of the both photographs of the same cells. Peripheral blood cells from patients with CLL (chronic lymphocytic leukaemia), ALL (acute lymphocytic leukaemia) or PDL (poorly differentiated lymphoma) were isolated as described in the text.
They were tested by usual immunological methods and identified as: -B lymphocytes by determination of SIg, -T lymphocytes by R rosette and/or using an heterologous rabbit antiserum, -neither T nor B lymphocytes when these tests were negative. 1xl 10-5M, and remained stable until 4 x 10-5M. Similar binding curves were obtained with several cell populations.
Determination
of binding dissociation Cell preparations were first incubated with a saturation concentration of E2-BSA-FITC (4 x 10-5M) for 30 min at 37°C. At the end of incubation, the number of fluorescent cells was counted and regarded as equivalent to 100%. After two washes the second step was performed by incubating these cell preparations with non-fluorescent E2-BSA at 'liffprLint r-nnnIantrntinne {from /IAvU l-i6A tL Our experiments show that sex steroid macromolecular complex constituted by oestradiol covalently linked to bovine serum albumin binds to the plasma membrane of a sub-population of human B lymphocytes regardless of the sex of the donor. Similar binding occurred on some B acute and chronic leukaemia cells. The macromolecular complex E2-BSA did not bind to T cells; BSA by itself bound to neither B nor T cells. Given the limits of our fluorescent technique, accurate characterization of the binding is impossible. However, we can draw some conclusions: the binding occurred at the plasma membrane of the cells and was saturable, rapid, reversible, partly temperature dependent and steric specific. Moreover, it was insensitive to sialic acid digestion with neuraminidase but was markedly reduced by proteolysis with trypsin. This effect was reversed by an 18 h incubation in serum containing culture medium but not when an inhibitor of protein synthesis was added.
